Abstract The dicentric Y chromosomes are the most commonly found in the structural aberration of Y chromosome. If the dicentric chromosome has completely symmetric arms, it is considered an isodicentric chromosome. The sites of breakage and fusion at Yp and Yq are variable, but breakage and fusion at the pseudo-autosomal region has never been reported. Herein we reported identification de novo isodicentric (Yq12) in a fetus. The fusion occurred at Yq pseudo-autosomal region very close the telomere and resulted in duplication of Y chromosome. The baby was grossly normal at birth. In conclusion, isodicentric Y chromosome could result from breakage and fusion at the Yq pseudo-autosomal region.
Introduction
The structural abnormalities affecting the human Y chromosome include deletions, rings, Y-autosomal or Y-X translocations, isochromosomes, and dicentrics [1] . Among these structural abnormalities, dicentric Y chromosomes are the most commonly found [2, 3] . These dicentric Y chromosomes correspond to two different types: dic (Yq), resulting from the fusion between the short arms of two Y chromosomes in which some Yp material is maintained, and dic (Yp) arising from fusion at the Yq arms. If the dicentric chromosome has completely symmetric arms, it is considered an isodicentric chromosome. The sites of breakage and fusion at Yp and Yq are highly variable [4] .
Most (approximately 90 %) of dicentric Y chromosomes are present in mosaic form. The mosaicism may be more or less complex depending on its meiotic or post-zygotic origin and on its mitotic stability, and it usually includes of a 45, X cell line. Patients carrying a dicentric Y chromosome have a wide range of somatic, genital, and gonadal phenotypic manifestations, depending on the structure of the dicentric Y chromosome, the Yp and Yq breakpoints, and the types of mosaicism [5] .
Here we report a case of de novo isodicentric (Yq12) in the fetus. The fusion occurred at Yq pseudo-autosomal region very close the telomere and resulted in duplication of Y chromosomes. The baby was grossly normal at birth.
Case report
A 36-year-old Taiwanese woman, gravida 1 para 0, underwent amniocentesis at the 18th week of gestation due to advanced maternal age. Chromosome analysis of the amniocytes showed an abnormal Y chromosome in all metaphase cells analyzed. It was tentatively designated as 46, X, idic (Y)(q12) (Fig. 1a) . She was conceived spontaneously and had not experienced miscarriage. Karyotype of the couple was normal male (46, XY) and normal female (46, XX), respectively. She decided to continue the pregnancy and delivered a gross normal male baby with a body weight of 3, 020 g and body length of 50 cm. The external genital organ of the newborn baby was normal. The C-banding showed the Y chromosome contained two centromeres and two heterochromatin blocks (Fig. 1b) . The Array-based comparative genomic hybridization (aCGH) using a high density CytoScan V5 was applied to detect genomic aberrations. The CytoScan V5 chip encompasses 60,000 DNA probes with a resolution of about 50 kb (Agilent Technologies, USA). The aCGH result (Fig. 1c) showed the baby had duplication of the entire Y chromosome. Deletion mapping analysis of the Y chromosome by screening 10 genes present in the three AZF regions and 5 genes outside the AZF regions, as described in our previous publications, did not detect any gene deletions [6, 7] . FISH was used to characterize the abnormal Y chromosome by using the Cytocell Subtelomere Specific Probes Kits (Cytocell, Inc.) which contained X-Yp Subtelomere Specific Probe corresponding to the loci DXYS129 labeled with Texas Red fluorophore and X-Yq Subtelomere Specific Probe corresponding to the loci DXYS61 labeled with FITC fluorophore. Multicolor banding was performed using the Xcyte Y mBAND probe kit (MetaSystem, Inc.). The result of mBAND and FISH analysis show the abnormal Y chromosome was composed of the two intact Y chromosomes fused at the second pseudo-autosomal region of Yq (Fig. 1d) . The karyotype was designated as ish idic (Y)(q11.23)(mBAND Y + , DXYS129 ++ ). [9] . Our case is unique given the non-mosaic feature. It would be desirable to investigate presence of 45, X cells in different tissues by FISH analysis. Another unique feature for our case is that the breakpoint occurred at Yq11.23 pseudoautosomal region 2 (PAR-2) very close to the telomere. Pseudo-autosomal regions are also hot-spots for genetic recombination and gene conversion [10] . The aCGH data showed the duplication of entire Y chromosome. Concerning the amount of chromosomal DNA content per cell, this case was comparable to XYY males. The XYY condition was usually asymptomatic with only mild phenotypic abnormalities [11] . Two non-mosaic male patients were reported by DesGroseillier et al.
[2006] [8] who postulated that the isodicentric Y chromosome was stabilized early during gametogenesis in the father. The stability of dicentrics may result from inactivation of one of the centromeres [2] , or due to presence of a very small distance between two active centromeres and thus behaving as monocentric [12] . To the best of our knowledge, there have been very few eports on formation of dicentric Y chromosome with breakage and fusion at the pseudo-autosomal regions. In 2005, Heinritz reported an adult male with Klinefelter phenotype and an isodicentric Y chromosome (47, XX, + idic (Y)(q12)). Although it is highly likely that that case also had breakage and fusion at the PAR-2 [13] , the gene dosage and break points were not confirmed by other methods. Our case should be the first documented case of idic(Yp) with breakage and fusion at the PAR-2. Sex-chromosome abnormalities occur in approximately 0.2 % of live births [14] . Common sex-chromosome anomalies such as 45, X; 47, XXY; 47, XXX and 47, XYY have been well described and these common sex chromosome aneuploides are associated variable phenotypes [15] . This case actually represents a unique type of 47, XYY. The phenotypes of 47,XYY individuals commonly include tall stature, macrocephaly, macroorchidism, hypotonia, hypertelorism, and tremor, but they are usually presented with normal fertility [16] . Significant raised mortality has been observed for disease of various organ systems (nervous system, circulatory system, respiratory system, genitourinary system, and congenital anomalies) in men with an extra Y chromosome. However, the cancer incidence and mortalities are not increased [17] . Emerging evidence also suggested higher rates of problem behaviors and hyperactive/impulsive symptoms [18] . Considering important role of pseudo-autosomal region of meiotic sex chromosome pairing and intact pseudo-autosomal regions (PARs) in this case, it is anticipated the meiotic paring would not be compromised [19] .
